through chromosome variation in anther and cell tissue culture, and then used for breeding of crops by chromosome engineering. Distant hybrid plants were acquired by distant hybrid embryo culture, thus enabling to screen new varieties or distant hybrid species of new materials for breeding. Intraspecific and interspecific somatic cell hybrid plants were acquired by protoplast fusion. The expected somatic cell hybrid of new species was gained. Transgenic plant was cultured by using protoplast as the target gene receptor, so the expected transgenesis species were screened. With tissue culture technology, existing conventional breeding technique can be reformed and new breeding technique will be developed. These are conducive to modernization and high-efficiency of crop improvement. Transgenic breeding is the most effective way for new variety breeding and variety improvement. Scholars attach high attention to transgenic technology to improve breeding of kenaf species and resistance to external environmental factors. In this paper, existing research on tissue culturing and genetic transformation of kenaf were reviewed systematically. Research conclusions provide some scientific references for further development of tissue culture and genetic transformation of kenaf.
Research progress of kenaf tissue culture

Fast reproduction of terminal bud and axillary bud
Reproduction which uses terminal bud and axillary bud of plants as the explants is a highly-efficient and a fast method for reproduction of non-toxic seedlings. Since the regeneration of plants does not requirecallus culture, it shortens the expanding reproduction period and reduces mutations in tissue cultures [5] . Srivatanakul et al. [6] inoculated terminal buds of five kenaf varieties (Ev71, SF459, Tainung 1, Tainung 2 and 7N) into MS culture media with different concentrations of 2,4-D (0-2.3μmol/L) and TDZ (0-20μmol/L). They cultivated multiple shoots, accompanied with basically same shooting rates of different test varieties. Ayadi et al. [7] used the axillary bud of Guangdong 743-2 kenaf as explant and induced shooting on the culture media containing MS + BAP (0-2mg/L) + NAA (0-1mg/L) + IBA (0-1mg/L). They reported the highest shooting rate (90.5%) in MS culture media without any hormone and the lowest shooting rate in the culture media with MS + 0. 5mg/L BAP + 1mg/L NAA. However, shooting rate of kenaf wouldn't increase by adding BAP, Great changes on production of bast fiber crop and its scientific research have taken place. These are consequences of extensive use of chemical fiber materials since 1980s. With economic development, people's consciousness of environmental protection is enhanced. They put forward higher and higher requirements on quality of life. Chemical fiber materials which are widely used nowadays can't meet people's requirements on environmental protection and quality of life, thus bringing traditional hemp products to the public again. Additionally, kenaf products are environmental-friendly. For example, the Japanese Dongli wallpaper made of kenaf uses aqueous solvent which is safe to human health. Compared to other wallpapers in the market, Japanese Dongli wallpaper contains no harmful volatile organic compounds like methylbenzene and xylene. Kenaf wallpaper is made of front materials of nontimber materials and recycled paper, so it won't produce waste gas at combustion. Moreover, it is degradable in soil. Therefore, developing kenaf production can be used as one of countermeasures to protect forest resources and prevent air pollution and global warming. In China's foreign trade, there are no quota restrictions on export of textile products which contain over 50% fiber. Textile export can be increased by hemp cotton and hemp-fiber blended products. According to statistics of FAO, the global demands for natural fiber are increasing at an annual rate of 8% and domestic demands are increasing at an annual rate of 15%. Developing kenaf production is an important way to solve increasing demands of natural fiber. Germplasm innovation of kenaf is a crucial strategy to realize this goal.
Despite of advantages of traditional bast fiber crops, their quality and output still couldn't meet market demands. Therefore, developing kenaf varieties with high quality and high yield is an effective guarantee to satisfy natural fiber demands and promote harmonious development of agricultural ecology. Plant tissue culture has been developed for over 100 years and has become an indispensable technology in bioscience. It plays an important role in crop breeding and genetic transformation. So far, more than 600 varieties of plants have been regenerated successfully through cell tissue culture [2] . Great progress in tissue culture research (e.g. rapid reproduction, anther culture, protoplast culture and organogenesis) and genetic transformation of kenaf have been achieved. Anther (pollen) and ovary culture are conducive to accelerate isozygoty of crop offsprings, combine multiple properties quickly, shorten breeding process, simplify the breeding procedure and realize rapid propagation of varieties [3, 4] . Breeding methods are improved by developing tissue culture technologies. For instance, aneuploid and polyploidy plants are gained
Culture of anther and hybrids embryo
Anther culture refers to the process of changing the development pathway of pollen in synthetic media to prevent the formation of gamete, but allowing to develop full plants through division and differentiation like somatic cells [15] . Many countries have studied anther culture since the successful in vitro culture of haploid plant based on anther of Daturainoxia [16] . As a result, anther culture becomes more and more mature. It can accelerate breeding practice, increase selection effect and save manpower and material resources. Anther culture is a widely used biotechnology in breeding at present. Anther culture changes division method of pollen nucleus selectively and thereby producing callus or embryoid. In this process, different culture conditions and genetic factors can influence induction frequency of pollen plants independently or collaboratively [17] . Chen et al. [18] NAA or IBA alone. Besides, adding exogenous hormone in MS culture media will cause dwarf of adventitious bud and easy formation of callus. The survival rate of transplanted test-tube plantlet in room temperature reaches as high as 70%. Zapata et al. [8] used terminal buds of Tainung 1, Tainung 2 and EV71 which contained some cotyledons as explants and induced germination of adventitious bud in MS and 1/2MS media with different concentrations of NAA (0, 0.1, 1mg/L) and 6-BA (0, 0.1, 1mg/L). Research results demonstrated that the highest shooting rate of adventitious bud was achieved in MS + 0.1mg/L 6-BA and there's no evident difference among different genotypes in term of average shooting rates of adventitious bud. The shooting rates of adventitious bud in MS and 1/2MS were basically similar and auxin couldn't influence shooting rate of kenaf significantly. High-concentration of 6-BA and NAA is disadvantageous to induction of regeneration bud and shooting, but can form abundant callus.
Protoplast culture and suspension cell culture
Vasil et al. [9] established the suspension system by embryonic callus of pearl millet and separated protoplast with suspension cells. They also achieved protoplast regeneration plants of the grass family for the first time. Subsequently, protoplast separation based on embryonic suspension cells was applied extensively in protoplast culture of grass family. Yan et al. [10] and Rhodes et al. [11] acquired protoplast regeneration plants from wheat and corn, respectively. As the ideal receptor of cell fusion, organelle transplantation and gene transformation, protoplast can form a complete plant through tissue culture. With respect to previous research on protoplast culture of kenaf, Niu et al. [12] gained high-quality protoplast by processing hypocotyledonary axis of kenaf 722 aseptic seedlings with 0.4M mannitol and dissociation in 5.0mg/L cellulase and 5.0mg/L pectinase (pH5.5). KM 8 P + 0.5mg/L 2,4-D + 0.5mg/L 6-BA + 0.45M mannitol + 2% saccharose is the optimal medium for protoplast division. Microdroplet culture is superior to liquid superficial culture and agarose plate culture. Wang et al. [13] acquired relatively complete protoplast from 6h treatment of kenaf callus with 0.55M mannitol and 2% cellulase + 0.1% pectinase enzymolysis. The best pH for enzymolysis was 5.8. Besides, Wang et al. [14] gained stable heterozygotic cells by the same method after fusion of flax and kenaf protoplasts in 40% PEG 6000 and 0.3M CaCl 2 solution (containing 9% mannitol, pH 9.5).
of kenaf varieties (917, 722, BG155, F76, GM26 and Iran Begonia caciniata) in MS + TDZ( 3.5mg/L) + NAA (0.1mg/L). Different genotypes have significantly different induction rates of adventitious buds. Among all kenaf varieties, 722, BG155 and F76 had the highest induction rates, while GM26 and Begonia caciniata had relatively lower induction rates, and the 917 presented the lowest induction rate. Moreover, the induction rate of cotyledon is higher than that of euphylla. Both cotyledon and euphylla with poor induction effect produced abundant callus.
Adventitious bud regeneration based on callus
Bast Fiber Plant Institute of Chinese Academy of Agricultural Sciences inoculated cotyledon into spheroplast induction medium MS + 6-BA (2.0-3.0mg/L) and then into MS + 6-BA (2.0mg/L) + IBA (0.1mg/L) + LH (500mg/L) to form tumor body [1] , and finally into MS + 6-BA (0.5-1.0mg/L) + IBA (0.1-0.2mg/L) + GA 3 (0.5-1.0mg/L) to develop a complete plant. However, this is a conclusion of early studies. Later, experiments proved it having poor repeatability [5] . No new research on somatic cell regeneration of kenaf has been reported yet. A new somatic cell regeneration technology of kenaf is needed urgently.
Research progress on genetic transformation of kenaf
Agrobacterium-mediated method
Agrobacterium tumefaciens belongs to Agrobacterium, Rhizobiaceae pribram. Agrobacterium is one type of gram negative bacteria and spreads widely in soil [33] . It can infect injured parts of most dicotyledonous under natural conditions and induce crown gall nodule or hairy roots. Agrobacterium which induces crown gall nodule is called Agrobacterium tumefaciens. Agrobacterium tumefaciens contains Ti plasmid. Agrobacterium which induces stem gall is called Agrobacterium rhizogenes. Agrobacterium rhizogenes contains Ri plasmid. Ti plasmid and Ri plasmid not only can induce diseases of plant cells, but also are ideal carriers for genetic engineering. There's one segment of T-DA on plasmid. Agrobacterium enters into cells by infecting plant injuries and move exogenous genes on T-DNA to plant genomes, thus producing transgenic plants [33] .
Srivatanakul et al. [34] explored parameters to upregulate expression in T-DNA zone of kenaf. They found
Organogenesis
Plant organogenesis refers to the process that in vitro plant tissues or cells form rootless seedling, root and bud under tissue culture conditions [19] [20] . There are two ways for explants to produce regeneration plants through organogenesis: one is to produce adventitious bud directly from explants. The other is to induce callus from explants firstly and then induce regeneration plant from callus.
Direct regeneration of adventitious bud
In researches on genetic transformation of plants, plant regeneration of explants based on induction pathways of adventitious bud is beneficial to maintain excellent agricultural properties of original variety or material. On this basis, the goal of breeding improvement can be realized by controlling one target genes and successful expression of a specific property [21] .
Viewed from explants, existing researches have successfully induced adventitious bud from roots, stems, plumular axis, cotyledon and euphylla of different plants. Most induced adventitious bud from cotyledon and euphylla (e.g. soybean [22] and eggplant [23] ). Compared to cotyledon, hypocotyledonary axis of soybean can induce more multiple shoots [22] . Cotyledon and euphylla of eggplant are significantly superior to other explants in term of adventitious bud induction [23] .
Viewed from the perspective of hormone, TDZ and BA are common hormones for induction of adventitious bud. TDZ is superior to other cytokinin with respect to induction adventitious bud of many plants. It shows highefficiency of cell division activity and plays different roles in induced differentiation from other cytokinins. TDZ can increase endogenous cytokinin level, which is attributed to inhibition of oxidase for cytokinin degradation [24] . TDZ might regulate endogenous hormones in plants. Effects of TDZ on high-efficiency induction of in vitro regeneration of plants has been proved by many plants, such as kiwi fruit [25] , apple [26] , grape [27] , pear [28] , soybean [24] and several woody plants [29] . BA is better than other cytokinins in term of micropropagation of several Euphorbiaceae [30, 31] . Multiple shoots induced by TDZ will continue to proliferate in the subculture process. This has been observed in several woody plants [29] .
Instead of forming callus, direct differentiation and germination of explants is a high-efficiency way of plant regeneration. There are few researches on tissue culture of kenaf. Liu et al. [32] realized direct differentiation of adventitious buds by culturing cotyledon and euphylla wheat [57] , corn [58] , soybean [59] , watermelon [60] and other agricultural crops and vegetables.
Qi et al. [61] introduced insect resistant DNA into the receptor kenaf variety -Fuhong 952 by using the pollen tube path. They gained expression of target genes related with Bt insect resistance in the receptor. Molecular verification of four generations of transgenic strains was accomplished by PCR and Southern hybridization technique. Gene segments of Bt inset resistance were detected in all four generations. This reveals that exogenous genes have been integrated into genotypes of kenaf and stable inheritance has been acquired. Cao [62] introduced bar genes with exogenous herbicide resistance into kenaf through the pollen tube path. Influences of different introduction ways (ovary injection method and stigma dripping method) and technological parameters on setting percentage of the current generation as well as rate of emergence and transformation rate of the T1 generation were analyzed. They concluded that introduction way is an important influencing factor. Specifically, the ovary injection method achieves higher setting percentage, but lower rate of emergency compared to the stigma dropping method. Concentration and dose of exogenous DNA influence setting percentage of the current generation and rate of emergence of the T1 generation slightly. Later, PCR and Southern hybridization proved that exogenous genes have been transformed into kenaf plants [63] . Wu et al. [64] transformed the salt-resistance gene SaNHX of Spartina anglica into kenaf plants through the pollen tube path. In indoor and outdoor salt-resistance observations and PCR test of the T1 generation, they found that SaNHX is integrated into kenaf genomes. Xiong [1] summarized the research results of Jin who introduced chitinase genes and Basta-resistance genes into Zhejiang Xiaohongma 1# by stigma dripping method.
Shoot transformation method
Kojima et al. [65] infected apical meristem and axillary bud of kenaf plants by Agrobacterium LBA4404 containing binary vector pBI-res and M-21 mutant, getting taller positive plants with thicker stems compared to the control group.
Problems and prospects
Tissue culture of kenaf starts later than staple crops, such as rice, corn, wheat, cotton and rapeseed. The genetic transformation takes place in the beginning stage. that the best agrobacterium strain was LBA4404, and the optimal expression temperature of the T-DNA zone was 28°C or 25°C. The toxic zone virG/virE and adding TDZ could increase survival rate of terminal bud. The optimal concentration of AS during Agrobacterium co-culture was 200μmol/L. Herath et al. [35] discussed influencing factors of integration and expression of T-DNA zone of kenaf. Results showed that transformation of explants with callus can upregulate transient expression of GUS genes and prolonging preincubate time can increase transient expression of GUS to one threshold, but the transient expression of GUS has no direct relationship with its fixed expression. Xiong [1] summarized the Agrobacterium tumefaciens method of Yong et al. and introduced two target genes (Npt II and GUS) into kenaf EV41 and EV71, achieving transgenic plants. Based on kenaf 7804 and KB11, Zang introduced BT and chitinasedextranase bivalent genes into kenaf by agrobacteriummediated method.
Particle bombardment
Particle bombardment, or known as microprojectile bombardment, is to coat exogenous DNA onto micro gold or tungsten particle surface and then inject microparticles into recipient cells or tissues under high pressure [36] . Exogenous DNA on particles are integrated onto plant chromosome and then expressed. Particle bombardment has been widely used in rice [37] [38] [39] [40] , cotton [41] , wheat [42] [43] [44] [45] , soybean [46] [47] [48] [49] and corn [50] [51] [52] .
Xiong [1] summarized particle bombardment of Yong et al. to transform Npt II and GUS into leaves of kenaf EV41 and EV71. Nex, leaves were cultured in MS + TDZ 0.3-0.5mg/L + NAA 0.1mg/L. Both two kenaf varieties have gained positive plants.
Pollen tube path way
The main principle of pollen tube path is to transfer exogenous genes by using exogenous DNA into plant embryo sac through germ cells of plants and pollen tube path formed after fertilization. [53] [54] . This method makes an effective use of germ cells (e.g. pollen grain, egg cell and ovary) of plants and allows exogenous genes to participate in fertilization process of plants. It avoids regeneration of plant tissues in common transformation methods. Transformation of the fertilization process is the key. Pollen tube path has been used successfully in development and application of cotton [55] , rice [56] ,
Organogenesis
Direct adventitious bud production through somatic cells is a common technique used in tissue culture of kenaf. However, it is still immature. Only few researches concerning regeneration of adventitious bud based on callus are available due to long period and low differentiation rate of callus. There are disagreements on hormones for differentiation of adventitious bud. Moreover, research results have poor experimental repetition. It is necessary to develop a new method with mature system, good repetition and high rate of emergency.
Conclusion
Genetic transformation is the most effective mean to gain new excellent varieties. Nevertheless, research on genetic transformation of kenaf is still in the early stage and no obvious breakthrough has been achieved. It still has some disadvantages, such as low transformation efficiency and poor genetic stability. In existing studies, genetic transformation has been achieved through pollen tube path and stem tip infection method, but few involved Agrobacterium-mediated exogenous genetic transformation. Besides, Agrobacterium-mediated genetic transformation, the major way of transgenic crops, is significantly more efficiency than pollen tube path and stem tip infection method. Therefore, deep studies on Agrobacterium-mediated genetic transformation of kenaf are needed. Some outstanding research progresses about Agrobacterium-mediated genetic transformation of ramie have been achieved. The corresponding research methods and influencing factors shall be discussed [65, 66] . Furthermore, particle bombardment-mediated genetic transform is another effective way to realize transgenic plants. However, some new genetic transformation methods, such as chloroplast transformation method, silicon carbide fiber-mediated method, ultrasonicassisted Agrobacterium-mediated transformation, vacuum penetration method and Alginate beads-mediated method, are hardly used. These methods can be tried in future studies to expand genetic transformation ways of kenaf and construct a set of complete, mature and highefficiency regeneration system for transgenic breeding of kenaf. 
Protoplast culture and hybridization of interspecific cells
Protoplast is a good material of cell hybridization and an effective way to realize interspecific cell hybridization. Currently, protoplast culture of kenaf can only get callus, but it is difficult to develop a complete plant. The corresponding technological system hasn't been established and perfected yet. China's super hybrid breeding of kenaf has achieved outstanding results. However, fiber quality is hardly improved. Establishing and perfecting the technological system for protoplast culture of mature kenaf can realize hybridization of ramie and kenaf cells, facilitate improvement of fiber quality effectively, and achieve breakthroughs in quality breeding. Although complete ramie plant has been gained from protoplast culture, it has poor stability. No stable and high-efficiency protoplast regeneration system has been established yet. In a word, there's no universal protoplast culture system for all bast fiber crops. This deserves high attentions from related scientific researches.
Establishment of the high-efficiency anther culture system
Anther culture provides an effective way for artificial massive production of haploid, which makes regenerated plants into haplobionts. Homozygous and fertile diploid plants can be gained by spontaneous doubling or artificially induced doubling. Hence, people can choose satisfying gene combinations and provide useful breeding materials for further breeding and genetic studies. Although some research on anther culture of kenaf have been reported, no outstanding results were achieved so far. So far, there's no mature and high-efficiency anther culture system. Existing researches of anther culture are only early trial studies. Due to low start point and insufficient talents, anther culture is underestimated. Therefore, establishing a high-efficiency technological system for anther culture of kenaf is a technical bottleneck that has to be solved urgently.
